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Device fabrication and characterization
The PSCs were fabricated with a structure of ITO/PEDOT: PSS /active layers/ZrAcAc/Al.
A thin layer of PEDOT: PSS was deposited through spin-coating on precleaned ITO-coated glass from a PEDOT: PSS aqueous solution (Baytron P VP AI 4083 from H. C. Starck) at 4000 rpm and dried subsequently at 150 °C for 15 min in air. Then the device was transferred to a nitrogen glove box, where the active blend layer of PDBT-T1 polymer and BPT-Se (or BPT-Se1) with 0.25% DIO was spin-coated from its o-DCB solution onto the PEDOT: PSS layer under a spin-coating rate of 1600 rpm. After spin-coating, the active layers were annealed at 100 °C for 5 min for the devices with thermal annealing treatment. The thickness of the active layers is ca. 95 nm. The ZrAcAc as cathode buffer layer. Finally, an aluminum layer at the vacuum condition of 5×10 -5 Pa was deposited by thermal evaporation method. All film thickness was measured by the Alpha-Step D-500 surface profilometer. The current density-voltage (J-V) characteristics of the PSCs were measured in glovebox on a computer-controlled Keithley 2450
Source-Measure Unit. Oriel Sol3A Class AAA Solar Simulator (model, Newport 94023A) with a 450 W xenon lamp and an air mass (AM) 1.5 filter was used as the light source.
The light intensity was calibrated to 100 Mw cm −2 by a Newport Oriel 91150V reference cell. The input photon to converted current efficiency (IPCE) was measured by Solar Cell Spectral Response Measurement System QE-R3-011 (Enli Technology Co., Ltd., Taiwan).
The light intensity at each wavelength was calibrated with a standard single-crystal Si photovoltaic cell. Optical microscope (Olympus BX51) was used to defined the active area (4.5 mm 2 ) of the device. Masks made using laser beam cutting technology to have a S4 well-defined area of 3.14 mm 2 were attached to define the effective area for accurate measurement. All the masked and unmasked tests gave consistent results with relative errors within 0.5%. All the device measurements were undertaken in a nitrogen glovebox.
Mobility Measurements
Hole and electron mobility were measured using the space charge limited current (SCLC) 
GIWAXS measurement
GIWAXS measurement were carried out with a Xeuss 2.0 SAXS/WAXS laboratory beamline using a Cu X-ray source (8.05 keV, 1.54 Å) and a Pilatus3R 300K detector. The incidence angle is 0.2°. The samples for GIWAXS measurements are fabricated on silicon substrates using the same recipe for the devices.
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Scheme S1. Synthesis of BPT-Se, BPT-Se1.
Compound 3:
In a flame-dried round bottom flask, 1 (570 mg, 3 mmol), 2 (1.25 g, 3 mmol) and NBu 3 (1 ml) were dissolved in anhydrous DMF (20 ml) and the solution was sparged with Ar. Pd(OAc) 2 (54 mg, 0.24 mmol) was added and the reaction mixture was stirred at 130 °C for 12 h. The mixture was cooled to r.t., diluted with CH 2 Cl 2 (50 ml) and poured into H 2 O (30 ml). The layers were separated and the aqueous layer was extracted with CH 2 Cl 2 (3×80 ml). The combined organic layer was dried over Na 2 SO 4 and the solvent was removed. The residue was purified by flash chromatography on silica S6 (hexanes). The title compound was isolated as a white solid (318 mg, 0.9 mmol, 30% 
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